ABSTRACT In the laboratory we studied the biology of a wild population of the Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), originating from apples collected near Thessaloniki, northern Greece. Development of immatures in ÔGolden DeliciousÕ apples lasted almost 1 mo. Approximately 33% of the eggs reached the adult stage. More than 80% of the females were reproductively mature at day 10 of age, and Ͼ80% were mated at day 15. Life expectancy at pupal eclosion was about 10 d higher in males than in females (59.9 versus 51.5 d). Average net fecundity was 562.4 eggs, and average daily oviposition rate was Ϸ11 eggs. The daily population increase was 8%, and the mean generation time was 53 d. Population developing in apples consisted of 96% as immatures (eggs, larvae, pupae), and only 4% as adults. The importance of these Þndings to the population biology and overwintering behavior of this ßy in temperate areas is discussed.
THE MEDITERRANEAN FRUIT ßy, Ceratitis capitata (Wiedemann), is one of the most serious insect pests worldwide, infesting fruits of Ͼ300 plant species, including several cultivated species of high commercial value (Liquido et al. 1991) . It has adapted to various climates and has spread into parts of the world lying well beyond the tropics where the ßy likely originated (Kourti et al. 1992) . Developmental and survival rates of immatures, as well as survivorship and fecundity of adult C. capitata have been studied under constant conditions in the laboratory, mostly for laboratoryadapted populations (Shoukry and Hafez 1979; Vargas et al. 1984 Vargas et al. , 1996 Vargas et al. , 1997 Carey et al. 1986; Krainacker et al. 1987 Krainacker et al. , 1989 . There are also studies concerning wild populations, originating mostly from the tropics (Harris and , Harris et al. 1991 . Despite the importance of this ßy in the Mediterranean region, there are only few studies dealing with the biology of local populations (Rivnay 1950 , Carey 1984 . There is also a complete lack of data for populations from the northern coasts of the Mediterranean basin, such as northern Greece, which is considered to be within the northern limits of the ßyÕs distribution (Papadopoulos et al. 1996) .
In northern Greece, C. capitata infests mostly pome and stone fruits as well as Þgs (Ficus carica L.) and oriental persimmons (Diospyros kaki L.) (Papadopoulos et al. 2001) . The ßy develops high populations in autumn and thus poses a serious threat for apples (Malus sylvestris Mill.), which mature at that time. Apple is one of the main crops in northern Greece and a very important host as they serve as overwintering refuges for the larvae (Papadopoulos et al. 1996 (Papadopoulos et al. , 1998 .
Life and fecundity tables have been developed for populations of C. capitata reared in Ͼ30 hosts (Krainacker et al. 1987 , Harris and Carey 1989 , Harris et al. 1991 , but not for apples, an important host for the ßy in northern Greece and other temperate areas with similar climatic conditions (Cayol and Causse 1993, Israely et al. 1997) . Rivnay (1950) and Mourikis (1965) provide some preliminary data on the development of C. capitata in apples. Nevertheless, other efforts to rear immatures in apples were not successful (Carey 1984 , Krainacker et al. 1987 , Zucoloto 1993 . Studies on the biology and construction of life tables of wild populations reared in apples will provide important information in understanding the population dynamics of C. capitata in this and other temperate areas with similar climatic conditions.
The main objectives of this study were to determine pre-adult (egg to adult) life history parameters of C. capitata reared on ÔGolden DeliciousÕ apples, and to estimate the adult demographic parameters of those individuals reared in this host. Another objective was to develop a life table for wild populations of C. capitata from northern Greece on apples and to estimate the parameters for population increases.
Materials and Methods
The experiments were conducted in the laboratory at 25 Ϯ 2ЊC, 65 Ϯ 5% RH, and a photoperiod of 14:10 (L:D) h, with a photophase starting at 0600 hours. Light was provided by daylight ßuorescent tubes and by natural light entering in the room from two windows. The light intensity in the room was 1,000 Ð1,500 lux.
The ßies used were recovered from Þeld-infested apples of the Golden Delicious variety collected in the fall of 1993 near Thessaloniki (northern Greece). Apples were brought to the laboratory and placed in plastic containers on a layer of dry sand. Mature larvae and pupae were collected and counted twice a week. Upon emergence, adults were placed in wirescreened, wood-framed, holding-cages (30 by 30 by 30 cm), provided with food (a mixture of yeast hydrolyzate (ICN Biochemicals, Biezsfelden, Switzerland) and sugar, 1:4 weight, respectively), and water. Approximately 100 adults (Ϸ50 per sex) were kept in each cage. Eggs were collected daily from each of four Golden Delicious apples placed in each cage and were used to study immature development.
All apples used in this study, were ripe and were obtained from an unsprayed orchard from the area of Thessaloniki. They were collected in September and were stored for 2Ð3 mo in the refrigerator at two Ϯ 2ЊC. Before they were used, apples were maintained for 24 h at 25ЊC. Only those apples showing no infestation symptoms (oviposition stings) of the Mediterranean fruit ßy were used in the experiments. C. capitata (the only fruit ßy attacking apples in the area) oviposition stings, are easily detected in most apple varieties as a small (Ͻ5 mm diameter) round, concave discolor on the fruit surface.
Egg Stage, Duration, and Viability. To determine egg stage duration and hatch rate the oviposition stings of apples used for egg collection were opened carefully, and eggs were removed with a Þne brush and placed on a wet Þlter paper in a petri dish. Egg hatch was determined every 12 h for 3 d on a total of 1,296 eggs.
Larval and Pupae Development. Five newly emerged larvae were gently introduced with a Þne brush into each of three holes (15 larvae in total) perforated with an entomological pin on the surface of each apple. Each hole was Ϸ1 mm in diameter and 1 cm in depth. After larval introduction, each apple was placed into a plastic cup (11 cm diameter and 6 cm height) on a layer of dry sand (1 cm depth), and covered with muselin. Pupation was recorded daily. Eight apples were used (120 larvae). Developmental duration and survival was determined for pupae as well.
Adult Reproductive and Sexual Maturity. To study the progress of reproductive and sexual maturity of females that were reared in apples, we dissected a number of females and determined the degree of ovarian development using a binocular stereomicroscope. Females used in this experiment were held in wooden holding cages with males (groups of 100 individuals of both sexes) with adult food and water but without any oviposition substrate in the above laboratory conditions. Ovariole development was scored according to the developmental stages described by Fletcher et al. (1978) for the olive fruit ßy, Bactrocera oleae (Rossi). Females were classiÞed into four categories according to the developmental stage of at least one ovariole in their ovaries: previtellogenesis: no yolk deposition in ovarioles, early vitellogenesis: yolk in Ͻ50% of the ovariole, late vitelogenesis: Ͼ50% of the ovariole contains yolk, mature: yolk occupies 100% of the ovariolle (eggs ready for oviposition). In each age class we examined 40 females. The spermathecae of the dissected females were also examined for the presence of sperm. Those females that had sperm in spermathecae were considered mated, while those that did not unmated.
Adult Demographic Parameters. Demographic data were collected for 25 pairs of newly emerged adults held individually in a 15 by 15 by 15 cm transparent plexi glass cages with water and adult food. One Golden Delicious apple placed in each cage daily to monitor egg laying. Eggs were collected by opening all the oviposition stings under a binocular stereomicroscope. They were gently removed with a Þne brush, counted, and placed on wet blotting paper inside a petri dish. Hatch was assessed 72 h later.
Data Analysis. Population parameters, life and fertility tables were estimated following the methods described in Carey (1993) . Fruit sampling data were submitted to one way analysis of variance (ANOVA). The average longevity of males and females were compared with a paired t-test (Sokal and Rohlf 1995) .
Results
Field Infestation. A summary of the Þeld infestation rates of the Golden Delicious apples collected from the area of Thessaloniki on various dates in 1993 is given in Table 1 . Infestation rates were ranged from 4.2 to 18.8 pupae per fruit.
Immatures Survival and Developmental Times. Average immature development in apples lasted almost 1 mo at 25ЊC (Table 2) . Almost all eggs hatched within 48 h. The larval stage lasted Ϸ18 d, whereas that of pupae lasted 10 d. Only 32.7% of the eggs laid reached the adult stage. Survival was high in the egg and pupal Means followed by the same letter are not statistically different (F ϭ 1.7; df ϭ 4, 12; P ϭ 0.22).
a Excluded from ANOVA.
stages (Ͼ80%), but relatively low in the larval stage (Ϸ 40%). Variability in larval developmental duration was very high. Approximately 60% of the larvae left fruits to pupate in 13Ð17 d (Fig. 1) , while 10% pupated in 25Ð27 d. Adult Reproductive and Sexual Maturity. More than 70% of the females had ovaries in previtellogenesis up to day 6, only 25% up to day 9, and none beyond day 10 ( Fig. 2A) . The Þrst females with mature ovarioles were recorded at 7Ð9 d of age. The percentage of females with mature oocytes increased abruptly over the next few days and reached 100% at day 14. Sexual maturity closely followed ovarian maturity in most females (Fig. 2B ). Approximately 20% of the females were mated (presence of sperm in spermathecae) at day 9 and Ͼ80% beyond day 14.
Adult Life Parameters. The average life span of males and females ovipositing on apples was 59.6 Ϯ 26.0 (ϮSD) and 50.0 Ϯ 10.4 d, respectively, higher in males than females (Paired t-test ϭ 2.7, df ϭ 23, P Ͻ 0.05). The average preoviposition and oviposition periods were 12.5 Ϯ 3.1 and 32.3 Ϯ 13.3 d, respectively. The average female oviposited throughout her life span 555.1 Ϯ 249.8 eggs, at an average hatch rate 77.6%. A summary of the biological parameters of adults that developed and ovipositing on apples in the laboratory is given in Table 3 . Expectation of life at pupal eclosion was Ϸ10 d higher in males than in females (59.9 versus 51.5 d respectively). Lifetime net fecundity was 562.4 eggs, hatch rate 76.8% and the average daily egg production Ϸ11 eggs. Survival for both males and females was very high (Ͼ80%) until adult day 40 (Fig. 3) , decreased abruptly from day 40 to 70, and then declined at a lower rate beyond day 70. More males than females survived beyond day 50. The longest lived individual died at day 142 and 91 for males and females, respectively. Egg production was high from adult day 10 Ð30 (Ͼ10 eggs/female/d) and decreased steadily from day 30 Ð 60 (Fig. 4) . Egg hatch rates were high (Ͼ70%) until adult day 30 and then declined to 50 Ð 70% from day 30 to 60. Population Parameters. Table 4 gives the population parameters and the stable age distribution. The intrinsic rate of increase and the net reproductive rate were 0.08 and Ϸ 65, respectively, indicating a daily increase of 8% and a 65-fold increase from generation to generation. The population size was estimated to double in Ϸ 9 d, while the mean generation time was Ϸ 53 d. Ninety percent of the population developing in apples consisted of eggs and larvae. Pupae and adults represented only 5 and 4% of the population, respectively.
Discussion
This study provides population parameters of C. capitata reared on apples (an important host for this ßy in temperate areas) in the laboratory (Papadopoulos et al. 2001) . It provides also demographic data for a wild population originating (from apples) from the northern part of the Mediterranean basin. Biological data from wild populations can be readily used in population development models and also for developing control strategies. These data can also provide background information for comparisons between populations from temperate and tropical areas. Comparative studies on the biology of an insect from different geographic areas are very important for understanding the current geographical distribution and different strategies of adaptation. Studies on biology and demography are important in developing population models, sampling and trapping methods, in understanding intra-and inter-speciÞc relationships, and in developing and applying new control methods (Levins and Wilson 1980, Liedo et al. 1992) .
Although there is a conÞrmed Þeld infestation of apples by C. capitata (Papadopoulos et al. 1996 (Papadopoulos et al. , 2001 ; Table 1 ), several attempts to rear this ßy on apples in laboratory have failed (Carey 1984 , Krainacker et al. 1987 , Zucoloto 1993 . In all of these studies, pieces of apple pulp were offered to newly hatched larvae in a petri dish. Rapid oxidation of substances (phenolics) on the exposed surface of the fruit pulp may result in toxic compounds for young larvae. Thickness of the pulp might also impede the quick burrowing of larvae that would result in avoiding the possible toxic compounds formed on the pulp surface. After the introduction of larvae in the holes made in intact apples, we created a more favorable environment for larval development, and we could easily rear immatures in this host. The duration of the larval stage recorded in this study was more or less similar to that reported by Rivnay (1950) and Mourikis (1965) .
The larval developmental time, we reported here, was longer than that recorded by Carey (1984) for several other hosts, such as Þg, apricot (Prunus armeniaca L), peach [Prunus persica (L.) Batsch], sweet orange (Citrus sinensis Osbeck), but shorter than in quince (Cydonia oblonga Mill). In general, there is considerable variation in the developmental time, growth, and survival of larvae on different host fruits (Krainacker et al. 1987 ). Nutritional contents of the different fruits might greatly affect larval developmental time. For example in a recent study Kaspi et al. (2002) reported that the higher the protein level in larval diet the shortest the developmental time and the largest the size of the produced individuals. Protein level in mature fruits is higher in hosts favoring shorter larval development such as Þg, peach, and orange than in apple. High larval mortality as well as a long larval developmental period indicates that apple probably is not one of the favorable hosts for C. capitata. Nutritional elements, the texture of the ßesh, and secondary compounds determine the suitability of a host for larval development. As Zucoloto (1993) suggests, the high Þrmness of the mesocarp in apples impedes the development of young larvae, and this is probably the x ϭ Age interval in days, a ϭ age at start of reproduction, b ϭ age at end of reproduction, l x ϭ Proportion of individuals surviving to age x, M x ϭ Total number of eggs laid by the average female at age x, h x ϭ Proportion of eggs hatch for those eggs laid at age x. main factor that causes high larval mortality in this host. In a recent laboratory study we found that some apple varieties are more favorable than others for larval development and survival (N.T.P. and B.I.K, unpublished data). Different mesocarp thickness among the varieties tested seems to be the most important factor affecting larval developmental duration and survival.
Longevity of adult males exceeded that of adult females. This is in accordance with other studies of C. capitata in the laboratory (e.g., Shoukry and Hafez 1979, Carey et al. 1995) . According to Carey et al. (1995) , males have a higher life expectancy but the longest-lived adult in a cohort, in general, is a female. Reproductive cost, which is higher in females than in males, hormonal differences as well as other behavioral and physiological differences between the two sexes, may be responsible for the differences in life expectancy between the sexes Carey et al. 1995) .
The parameters of population increase reported here are generally lower, and the mean generation time higher, that those obtained for other hosts under laboratory conditions for a wild C. capitata population (Carey 1984) . Krainacker et al. (1987) , working with a laboratory adapted population, at 30ЊC, estimated a mean generation time of Ϸ30 d for most of the hosts studied. In general, population increase rates are higher and mean generation time shorter in laboratory adapted than in wild populations . Populations from different geographical regions may differ in various reproductive and life history aspects . Differences between the results obtained here and those of other studies are mainly attributed in the different origin of the ßies (strain, host, geographical region) as well as in the different experimental conditions.
Long duration and high variability in the duration of the larval stage in apples is very important for the successful overwintering of the Mediterranean fruit ßy in northern Greece and probably other areas with similar climatic conditions (Papadopoulos et al. 1996) . Apple is one of the last hosts for this ßy in autumn in northern Greece. Long larval developmental period in apples due both to host characteristics and to low winter temperatures, enables a small number of larvae to survive inside apples from November to next March/April (4 Ð5 mo in total). In this way, the ßy can survive long period of unfavorable conditions prevailing in northern Greece during winter. a ϭ age at start of reproduction, b ϭ age at end of reproduction, ϭ maximum age, L x ϭ fraction per capita lived between the ages x and x ϩ1, m x ϭ h x M x /2, number of female progeny produced by an average female at age x.
